Autism spectrum disorder (ASD) is a neurodevelopmental disorder with substantial phenotypic and etiological heterogeneity. It is estimated that 10-20% of cases are due to copy number variations (CNVs). Here we apply a newly developed CNV association tool (SNATCNV) to reanalyse CNV data from 19,663 autistic and 6,479 control subjects from the AutDB database. We demonstrate that SNATCNV outperforms existing CNV association methods by finding smaller genomic regions that better discriminate cases and controls. By integrating data from the FANTOM5 expression atlas we show that both known ASD causal genes identified by the SFARI and MSSNG consortia and genes within the CNVs identified by SNATCNV have brain enriched expression patterns; both brain-enriched coding and long-noncoding RNA genes are over-represented. We provide full lists of these brain enriched coding and lncRNA genes as a resource to the research community. We also go on to show that each CNV region is associated with a distinct set of phenotypes, that some are sex biased and highlight one deleted region where a brain-enriched lncRNA is the only gene present. Our analyses identify 47 high confidence ASD associated CNV regions and identifies brain-enriched genes which underlie this neurodevelopmental disorder.
Introduction
Autism spectrum disorder (ASD) is collectively used to describe a group of neurodevelopmental disorders with a spectrum of phenotypes including impaired social interaction, repetitive behaviours, learning and speech impediments. There is a strong genetic component to ASD with a recent study of familial risk estimating heritability at 83%, and suggesting the majority of ASD risk is attributable to genetic factors (1, 2). The types of genetic lesions that lead to ASD are heterogeneous, and range from highly penetrant single gene mutations and copy number variations (CNV), through to weakly penetrant risk alleles identified by GWAS (3). Of note, recent studies reported by the SFARI (4) and MSSNG (5) consortia have identified 98 recurrently mutated, highly penetrant ASD candidate coding genes. Further, an estimated 15-25% of cases are attributable to de novo mutations (3), the majority of which correspond to CNVs.
There are at least 14 independent CNVs that have been previously associated with ASD (6, 7). Several are associated with distinct phenotypes, for example, the Prader-Willi/Angelman syndrome region on 15q11-q13 (8) is associated with obesity and ASD, while 1q21.1 is associated with intellectual disability (ID) and ASD; terminal deletions of 2q and 22q (9); and microdeletion and microduplication of 16p11.2 are associated with developmental delay (DD), ID and ASD (10) . Despite the importance of CNVs to ASD causation, there remains a need to clarify what fraction of ASD is actually due to CNVs as estimates range greatly, from 10-20% (11-13). Additionally to understand the causative genes within these CNV regions, improved methods are needed to focus on the critical regions most strongly associated with ASD and prioritise the (often hundreds of) genes contained within each.
Here we have applied a novel CNV association tool, SNATCNV (Single Nucleotide Association Test for CNVs) to a combined CNV dataset curated by the Simons Foundation Autism Research Initiative (SFARI) containing 19,663 autistic and 6,479 control samples from multiple published data sets (14) . Benchmarking against PLINK (15) showed that SNATCNV was able to identify smaller critical regions that better discriminate ASD cases from controls. Using the FANTOM5 (Functional Annotation of the Mammalian Genome 5) (16) CAGE associated transcriptome atlas we then show that critical regions identified by SNATCNV contain substantially more brainenriched coding and long-non-coding RNA genes than expected based on the genome-wide occurrence of these genes. Notably, such gene enrichment was not observed for regions identified by PLINK. Furthermore, we attribute distinct phenotypes and ontological traits to distinct ASD CNVs. To our knowledge, our results represent the first account of recurrent ASD associated CNV regions containing a significant overrepresentation of genes with nervous system enriched expression profiles.
We present a summary of the regions identified in our analysis, assessment of their novelty, candidate ASD associated coding and long-non-coding RNA genes within the regions, phenotypes associated with specific CNVs and validation of the identified regions in two independent cohorts of ASD patients. Our results show that these regions are enriched for brain-specific genes, and that specific gene ontology terms and phenotypes are associated with different regions. This highlights the spectrum of genetically diverse etiologies currently grouped together as ASD.
Results

Robust identification of ASD associated CNVs
To robustly identify recurrently deleted and duplicated regions significantly associated with ASD, we developed a novel tool called SNATCNV (Single Nucleotide Association Test CNV) and applied it to a cohort of 19,663 autistic and 6,479 non-autistic individuals (http://autism.mindspec.org/autdb; download date: July 2016). For every position in the genome, SNATCNV counts how often the nucleotide is either deleted or duplicated in the case and control CNVs. It then uses the onetailed Fisher's exact test (Supplementary figure S1) to determine whether the base is significantly more frequently duplicated or deleted in cases or controls. As an example of our output, Figure 1a and b shows the distribution of P values for deletions and duplications in ASD found on chromosome 17, respectively. To identify significant regions, we calculated P values for 500,000 random permutations of case/control labels to estimate the probability that an association emerges by chance (see Methods for further details). To filter for significant associations, users can specify a confidence interval based on random permutations (the dashed lines in Figure 1a and b show regions identified at the 95% and 99.9999% confidence intervals; also see Methods and Supplementary figures S2 and S3,
Supplementary table S1).
To evaluate the performance of SNATCNV, we compared the regions identified across a range of confidence intervals to regions identified by the most commonly used CNV tool PLINK (15). Shown in Figure 1c -e, SNATCNV identified smaller regions that account for a significantly larger proportion of cases and significantly fewer controls than those identified by PLINK at all tested confidence intervals. At the most stringent threshold of 99.9999% C.I., 27% of ASD cases and 5.1% of controls overlap the identified regions thus the regions identified by SNATCNV are 5.3 fold more likely to be found in cases than controls. This is in comparison to only 2.2 fold for PLINK at its most stringent threshold.
Importantly, the regions identified in this cohort by SNATCNV explain a greater proportion of ASD case CNVs from two additional independent cohorts than those found by PLINK (Figure 1f 
Overrepresentation of brain-enriched genes in Autism associated CNV regions
Next, we focussed on 118 CNV regions identified by SNATCNV at the highest threshold of 99.9999% C.I., corresponding to 56 deleted and 62 duplicated regions, for further analysis of gene content. We used the FANTOM5 CAGE associated transcriptome (19) to identify 1,025 coding and 926 lncRNA genes contained within the 118 regions and examined their expression patterns across 347 sample types Supporting the notion that brain-enriched genes are more likely to be causative in ASD we note that 64% of the ASD genes identified by SFARI and MSSNG are brainenriched by our criteria, this is well above the genome wide expectation of 35% (Figure 2b) . In contrast the regions identified by PLINK and the two largest studies of ASD, intellectual disability and developmental delay to date, Coe et al. and Cooper et al. (20, 21) , showed no such brain enrichment. Although enrichment of brain enriched genes in deleted regions has been observed by Pinto et al. (22) , to our knowledge this is the first report of overrepresentation of brain-enriched genes in recurrently deleted and duplicated CNV regions associated with ASD. Further supporting our analyses, the CNV regions identified by SNATCNV contain an overrepresentation of homologs of coding genes that cause nervous system phenotypes when mutated in the mouse (http://www.informatics.jax.org/mp/annotations/MP:0003631, 12 June 2018) ( Fig.   2c ).
Brain-enriched coding genes within highly significant regions are associated with ASD specific biological processes and phenotypic ontologies
We next used WebGestalt (23) to investigate whether the 346 brain-enriched coding genes from the deleted and duplicated regions were associated with specific gene ontology (GO), human phenotype ontology (HPO) or disease terms (DisGeNet and GLAD4U) (24-26) (Supplementary table S5 ; all brain-enriched coding genes were used as a background). As expected, candidate genes in the CNV regions were more likely to be annotated with the ASD related disease ontology terms 'autism spectrum disorder', 'intellectual disability', 'speech disorders', 'Angelman syndrome', 'Prader-Willi syndrome' and 'Rett syndrome'. Similarly overrepresented human phenotype ontology terms included 'Autism' and 'Neurological speech impairment'.
Interestingly the most common overrepresented gene ontology term for 19 genes was 'axon development', which is a key developmental process in the etiology of ASD (27) . Together this supports the biological relevance of the CNV regions identified by SNATCNV.
Independent regions and dependent regions
Manual examination revealed some of the 118 regions were closely separated on the genome and were likely larger regions that were split by SNATCNV. This appears to be due to small regions of common CNV found in both the controls and cases which cause the P value to lose significance (see Supplementary figure S5 as an example). Given this observation we next examined the independence of each of the 118 regions.
For each region we removed all case and control samples that overlapped the region and then recalculated the P value for the remaining 117 regions. This was repeated for all 118 regions (see Supplementary figures S6 and 7 for P values after removal of deleted and duplicated regions, respectively). For 36 regions, removal of cases and controls found in any other region still yielded a significant P value (< 0.002), these we refer to as independent regions. For the remaining regions, 51 were removed as they lost significance when the cases and controls from the 36 independent regions were withheld. A further 31 corresponded to co-dependent scenarios where removal of all cases and controls from one region or another led to reciprocal lost significance. These 31 co-dependent regions were then merged into 11 superset independent regions (see Supplementary figure S8, Supplementary   table S6) . Thus we focus on 47 independent regions, comprising 36 non-merged independent regions and 11 independent merged superset regions (formed from 31 co-dependent regions) ( Table 1) . Note repeating the heatmap from Using a similar strategy to above we also tested whether the 118 significant regions were specific to individual cohorts, we removed case and controls from the five largest cohorts within AutDB and recalculated the P values for each region with the remainder of case and control samples. We repeated this analysis for each of the 5 cohorts separately. From this analysis we identified 12 regions that lost significance upon removal of one or more cohorts, which corresponds to 5 of the 47 independent regions mentioned above (Supplementary table S7) . We suspect this is due to a reduction in power rather than a bias from a specific cohort as 9 of these lost significance by removal of the largest study (28) which itself is a collection of multiple geographically distinct cohorts.
Potential ASD causal genes in regions identified using SNATCNV
For each of the 47 independent regions we next carried out literature searches to determine whether they contained known ASD genes or overlapped CNVs previously associated with ASD or intellectual disability (summarised in
Supplementary tables S8 and S9). As expected, many genes from these independent regions (e.g. NRXN1, GABRB3, MBD5, SHANK3, and MECP2) show association with ASD (29-32). In total, 17 regions contained at least one gene that is known to be mutated in non-CNV mediated ASD (34 known ASD genes in 17 regions 
Chromosomal rearrangements in males and female ASD patients
Given the 4-fold higher incidence of autism in males compared to females (38), we next examined the frequency of the 47 regions in a focused analysis on 8,083 cases (6,271 males and 1,812 females) and 2,741 control individuals (1,289 males and 1,452 females) where gender information was available. 22% of male and 37% of female cases had a CNV overlapping at least one of the 47 regions. When we compared the ratios of cases to controls for males and females, we identified 2 regions that were at least 2-fold more likely in male cases and 13 regions that were at least 2-fold more likely in female cases ( Table 2 and Supplementary table S10 for more details). While further analyses will be needed to confirm our results, we note that one of the male-biased regions (chr16:15248707-16292499) and one of the female-biased regions (chr17:16789275-18299275) that we identify have been previously reported as gender biased (39, 40) .
Specific phenotypes associated with distinct regions of copy number variations
We next used the DECIPHER (17) Taken together, our implementation of SNATCNV has led to the curation of ASD CNVs which are enriched in genes expressed in the nervous system, including lncRNAs; and that the diversity of phenotypic traits in ASD caused by CNVs can likely be defined by unique genomic signatures.
Discussion
We developed a new computational method, SNATCNV, to systematically analyse recurrent copy number variations and applied it to ASD. It equally can be applied to any genetic disease and disorder with sufficient cases and controls. SNATCNV more precisely identifies CNV regions, and more accurately discriminates cases from controls, thereby reducing the genomic search space for ASD and its causal genes.
We Importantly, for patients with a subset of these CNVs, genomic diagnosis will inform the clinician that these patients should be examined and potentially treated for associated co-morbidities such as renal cysts, atria septal defects and tetralogy of fallot.
In conclusion by application of a novel tool SNATCNV, integration of brain-enriched expression profiles from the FANTOM5 consortium and phenotypic information from DECIPHER we have annotated 47 recurrent CNV regions associated with ASD.
Looking to the future, screening for these CNVs and single gene variants identified by the MSSNG and SFARI consortia using whole genome sequencing has the potential to provide a rapid and accurate genetic diagnosis for children with ASD. By knowing the genes and phenotypes associated with the region a personalised treatment plan can be developed that considers the specific phenotypes associated with their genomic lesion.
Materials and methods
Tool availability
The SNATCNV source code for both R and matlab versions, a sample dataset, and instructions on how to run SNATCNV are provided at https://github.com/hamidrokny/SNATCNV. For the validation cohorts, CNV data from i) 1,441 autistic patients were downloaded from the same source (download date July 2018), and ii) 549 autistic individuals were downloaded from DECIPHER (download date 1 Feb 2017; we excluded those individuals that were also annotated with intellectual disability, developmental delay, heart and muscular diseases). As CNVs from different studies were reported using different genome build versions (hg17, hg18, and hg19), we first converted all CNV coordinates to UCSC hg19 using UCSC Lift Genome Annotations tools (52) figure S7) was then used to determine whether the base was significantly more frequently observed in a duplicated or deleted region of cases or controls. To determine the significance of this association we then used permutation testing by randomising 500,000
ASD and control data used in this study
permutations of case and control labels and for a range of observed CNV frequencies from 1-700 (min and max number of CNVs that overlapped any base in the original data). In each permutation, we randomly selected case/control labels and then estimated the probability of the observed associations using the Fisher's exact test. By performing this permutation 500,000 times and for CNV frequency 1-700, we could estimate the probability that an association at a given level of CNV frequency emerges by chance. From this we defined significant regions as those with P values better than 1.2e-08 (approaching 100% confidence) (Supplementary figure S8) .
Note, due to the poor coverage of CNVs on chrY it was not included in the analysis.
PLINK and ParseCNV comparisons
Identical AutDB sample sets were run on both SNATCNV and PLINK version 1.07 figure S4) .
Identification of genes with nervous system enriched expression
To determine whether a gene had nervous system enriched expression we first extracted its normalised expression profile from the FANTOM5 expression atlas (FANTOM5 (16) and FANTOMCAT (19)). We chose this resource as it contains expression profiles for both coding and long-non-coding RNA genes across 1,829 human samples, including 101 nervous system samples. For each gene we first ranked all 1,829 human FANTOM5 samples based on highest to lowest expression and then used Fisher's exact test to determine a P value indicating whether the top 101 samples with the highest expression were more likely to be nervous system samples or not.
To determine a threshold on the P value we carried out 50,000 permutations randomising the sample labels to determine P value thresholds at the 99% confidence interval; any gene with a P value better than this permutation-specific P value threshold, we consider a significantly nervous system-enriched gene 
DECIPHER analysis
Phenotypic information of patients with copy number variation were taken from the publicly available DECIPHER database (17), which contains phenotypic information of ~13,000 patients (including 1360 patients annotated as autistic and 5,559 patients annotated with intellectual disability). To assess whether a phenotype term was overrepresented for a specific region, we used 5,000 random permutations of the patientphenotype associations in DECIPHER. In order to keep the data structure of the CNVs, we needed to permute all the phenotypes of a given patient en bloc. It means in each permutation, the patient details (e.g. CNV, sex) do not change but all the phenotypes will be changed. For each permutation, we had a new order of phenotype sets randomly matched to patient sets. By performing this permutation 5,000 times, we could estimate the fraction of patients with the same regionphenotype pair that emerges by chance. Because of the small number of samples in some regions, we only reported those region-phenotype term pairs that had a fraction more than the permutation-specific fraction and seen in at least 5% of patients with a minimum of 5 patients overlapping the region.
Annotation of known and putative novel ASD associated genes
All genes in the SNATCNV identified regions were first compared to the 96 known causal genes from MSSNG [5] and SFARI [4, 15] (Supplementary table S13) . If a region contained one or more of these genes we considered it 'known'. For the remaining regions, we carried out a comprehensive literature search of all genes in the region. For the extended literature search, we specifically searched for "gene name + autism" or "gene name + ASD" (e.g. SAMD11 + autism or SAMD11 + ASD).
We did this search for all coding genes in the 47 super regions. As a result, if a gene with a previous ASD casual association was identified it was labelled as 'known'.
Annotation of known and putative novel ASD associated CNVs
To investigate whether the regions we identified have been previously associated to ASD, we compared the regions identified by SNATCNV to the data from DECIPHER (17) . We also carried out a comprehensive literature search. As a result of our investigation, If the region completely overlap with a known ASD-associated CNV, it was labelled as "known CNV"; if the region contains a known ASD-associated CNV region (the known CNV was a subset of the region), it was labelled as "contains known CNV"; if the region was a subset of a known ASD-associated CNV, but smaller, it was labelled as "known CNV, but finer mapping", otherwise, it was labelled as "novel". 4 5 
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Data availability
The SNATCNV source code and a sample dataset can be accessed at Table S1 . List of significant deleted and duplicated regions. To identify significant regions, we calculated P values for 500,000 random permutations of case/control labels to estimate the significant threshold. Here, we reported regions identified at the 99.9999% confidence intervals. WebGestalt to identify over-representation of ontology terms associated with our genes in the significant regions. We used default values for WebGestalt parameters.
Supplementary table legends:
Only those ontology terms with more than 5 genes in our regions are shown Table S6 . Identify independent and dependent regions. Here, we checked independency/dependency for each region by first removing all case and control samples that overlap the region and then recalculating the P value (using one-tailed Fisher exact test) for the remaining 117 regions. For 37 of 118 regions, removal of cases and controls samples found in any other region still had a significant P value (< 0.002); we refer to these regions as independent regions. For the remaining 82 regions, 51 lost significance after removal of cases and controls samples from the independent regions; we refer to these regions as dependent regions and removed them from the future analyses. 31 of 118 regions corresponded to co-deleted/coduplicated scenarios, which means that removal of all cases and controls samples from one region or another led to reciprocal lost significance. For these codependent regions, we merged them into 9 super regions. Collectively, after removal process, we identified 47 super regions including 37 independent regions and 9
regions after merging co-dependent regions. Female fold enrichment calculated through dividing female fraction on male fraction in the region. We note, three of these super regions have been previously reported as a sex bias region. Fisher exact test and permutation analysis using the FANTOM5 expression data.
TableS13. List of the 96 known causal protein-coding genes from MSSNG [5]
and SFARI [4, 15] . Here, we combined ASD known coding genes from MSSNG consortia with SFARI genes (those genes that had gene score 1 or 2). 500 kb hg19 6,550,000 6,600,000 6,650,000 6,700,000 6,750,000 6,800,000 6,850,000 6,900,000 6,950,000 7,000,000 7,050,000 7,100,000 7,150,000 7,200,000 7,250,000 7,300,000 7,350,000 7,400,000 7,450,000 7,500,000 7,550,000 7,600,000 7,650,000 7,700,000 7,750,000 7,800,000 7,850 0  37  37  37  37  37  37  37  37  37  37  37  37  37  37  37  36  37  37  37  37  37  37  37  37  37  37  37  37  37  37  37  37  37  37  37  37  37  37  37  37  37  38  37  37  37  37  37  37  38  37  37  37  37  37  37   47  0  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  47  48  47  47  47  48  47  47  47  47  47  47  48  47  47  47  47  47  47   21  21  0  20  20  20  20  20  20  20  20  20  20  20  20  21  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  21  20  20  21  20  21  20  21  20  21  20  20  20  20  21  20  21  20  20  21  20  20  20   13  13  13  0  0  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13   13  13  13  0  0  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13   15  15  15  15  15  0  1  1  1  1  8  15  1515  16  16  16  16  2  2  0  1  1  8  16  16  16  15  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16   16  16  16  16  16  2  2  1  0  0  7  16  16  16  15  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16   15  15  15  15  15  2  2  1  0  0  6  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  16  15  15  15  15  15  15  16  15  15  15  15  15  15   18  18  18  18  18  11  11  10  9  9  0  18  18  18  16  18  17  18  18  18  18  18  18  18  18  18  18  17  17  17  17  17  17  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  17  17  17   20  20  20  20  20  20  20  20  20  20  20  0  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  20  2027  27  27  27  27  26  26  26  26  26  25  27  27  27  0  27  24  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27  26  26  27  27  27  27  26  27  27  27  27  27  26  27  26  26  27  27  27  26  26  26   41  41  41  41  41  41  41  41  41  41  41  41  41  41  41  0  41  41  41  41  41  41  41  41  41  41  41  41  41  41  41  41  41  41  41  41  41  41  41  41  41  41  42  41  41  41  41  41  41  42  41  41  41  41  41  41   16  16  16  16  16  16  16  16  16  16  16  16  16  16  14  17  0  15  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  17  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  17  16  16  17  16  16  16   13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  11  0  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  14  13  13  13  13  13  13   13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  0  1  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13   16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  15  16  4  0  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16   17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  0  1  1  1  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17   17  17  16  16  16  16  16  16  16  16  16  16  16  16  16  17  16  16  16  16  0  0  0  0  16  16  16  16  16  16  16  16  16  17  16  16  17  16  17  16  16  16  17  16  16  16  16  16  16  17  16  16  17  16  16  16   17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  1  1  0  1  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17   17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  1  1  1  0  17  17  17  17  17  17  17  17  17  17  17  17  17  17  18  17  17  17  18  17  17  17  17  17  17  18  17  17  17  17  17  17   13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  0  1  2  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  1314  14  14  14   13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  1  1  0  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13   13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  0  0  0  0  0  1  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  14  1317  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  4  4  3  3  0  1  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17   17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  5  5  4  4  1  0  17  17  17  17  17  18  17  17  17  18  17  17  17  17  17  17  18  17  17  17  17  17  17   24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  0  22  22  22  24  25  24  24  24  25  24  24  24  24  24  24  25  24  24  24  24  24  24 22  22  22  22  22  22  22  22  22  22  22  22  22  22  21  22  22  22  22  22  22  22  22  22  22  22  22  22  22  22  22  22  22  22  22  22  22  22  22  22  0  16  22  22  22  22  22  22  22  22  22  22  22  22  22  22   18  19  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  19  18  12  0  17  18  18  18  18  18  18  19  18  18  19  18  18  18   69  70  69  69  69  69  69  69  69  69  69  69  69  69  69  69  68  69  69  69  69  69  69  69  69  69  69  69  69  69  69  69  69  70  69  69  69  69  70  69  69  67  0  69  69  69  69  69  69  71  69  69  70  69  69  69   14  14  14  13  13  13  13  13  13  13  14  14  13  14  14  14  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  1318  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  19  18  18  18  18  18  18  19  2  0  18  18  18  18   53  53  52  52  52  52  52  52  52  52  52  52  52  52  52  53  52  52  52  52  52  52  52  52  52  52  52  52  52  52  52  52  52  52  52  52  53  52  53  52  53  52  53  52  52  52  52  53  52  54  52  52  0  52  52 0  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  43  42  42  42  42  42  42  42   25  0  25  23  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  26  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25   30  30  0  29  29  29  29  29  29  29  29  29  29  29  30  29  29  29  29  30  30  29  29  29  29  29  29  29  30  29  29  29  29  30  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29   17  15  17  0  14  14  14  14  14  14  14  17  17  17  17  17  17  16  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  16  16  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17   16  15  16  13  0  0  1  1  1  1  1  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16   16  16  16  13  1  0  1  1  1  1  1  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16   17  16  16  14  1  1  0  0  0  0  1  16  16  16  17  16  16  17  17  17  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16   18  17  18  15  3  2  2  0  2  2  2  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18   17  16  16  14  1  1  0  0  0  0  0  16  16  16  17  16  16  17  17  17  16  16  16  16  16  16  16  16  16  16  16  16  16  17  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16   17  16  16  14  1  1  0  0  0  0  0  16  16  16  17  16  16  17  17  17  16  16  16  16  16  16  16  16  16  16  16  16  16  17  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16   16  16  16  13  1  1  0  0  0  0  0  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16   17  16  16  16  16  16  16  16  16  16  16  0  0  2  3  15  15  17  17  17  16  16  16  16  16  16  16  16  16  16  16  16  16  17  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16   19  19  19  18  18  18  18  18  18  18  18  2  0  2  4  16  16  19  19  19  19  18  18  18  18  18  18  18  18  18  18  18  18  19  18  18  18  18  18  19  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  19  18   24  24  24  24  24  24  24  24  24  24  24  10  9  0  4  21  21  24  24  25  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24   52  0   17  17  17  17  17  17  17  17  17  17  17  15  15  14  14  0  4  17  17  17  16  16  16  16  16  16  16  16  16  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17 13  12  13  12  13  13  13  13  13  13  13  13  13  13  13  13  13  0  0  13  13  12  12  12  13  13  13  13  13  13  13  13  13  13  13  13  13  12  13  12  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13  13   16  16  16  15  16  16  16  16  16  16  16  16  16  16  16  16  16  1  0  16  16  15  15  15  16  16  16  16  16  16  16  16  16  16  16  16  16  15  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16   52  51  52  51  51  51  51  51  51  51  51  51  51  51  52  51  51  52  52  0  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51  51   29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  28  28  29  29  29  0  15  15  15  17  28  28  28  28  28  28  28  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29  29   16  16  16  16  16  16  16  16  16  16  16  16  16  1618  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  17  17  17  0  5  6  7  8  8  8  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18   16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  15  15  15  15  15  1  0  2  3  4  4  4  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16   16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  15  15  16  16  16  15  15  15  15  15  2  2  0  2  3  4  4  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16  16   28  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27  28  28  28  27  27  26  26  26  14  14  14  0  10  10  10  27  28  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27  27   18  18  18  18  18  18  18  18  18  18  18  17  17  17  18  18  18  18  18  18  17  17  17  17  17  6  6  5  0  0  1  1  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18   18  17  18  17  17  17  17  17  17  17  17  17  17  17  17  17  17  18  18  18  17  17  17  17  17  6  6  5  0  0  0  0  17  18  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17   18  18  18  18  18  18  18  18  18  18  18  17  17  17  18  18  18  18  18  18  17  17  17  17  17  6  6  6  1  1  0  0  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18  18   17  16  17  16  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  0  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17  17   31  31  31  31  31  31  31  31  31  31  31  31  31  31  32  31  31  31  31  31  31  31  31  31  31  31  31  31  31  31  31  31  31  0  19  21  21  30  31  31  31  31  31  31  31  31  31  31  31  31  31  31  31  31  31  31  31  31  31  31  31  31 5  5  5  5  6   16  16  16  16  16  16  16  16  16  16  16  16  16  16  16 17  17  18  17  17  17  17  17  17  17  17  17  17  17  18  17  17  18  18  18  17  17  17  17  17  17  17  17  17  17  17  17  17  18  17  17  17  17  6  6  5  5  5  5  5  5  5  5  5  5  5  5  3  3  3  2  2  0  1  1  1  4 8  8  8  8  8  8  8  8  8  5  5  5  4  4  3  0  2  2  5   24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  24  13  12  12  12  12  12  12  12  12  12  12  12  12  12  10  10  10  9  9  7  6  0  1  9   26  26  26  26  26  26  26  26  26  26  26  26  26  26  27  26  26  27  27  27  26  26  26  26  26  26  26  26  26  26  26  26  26  27  26  2611  11  10  9  3  0  12   16  16  16  16  16  16  16  16  16  16  16  16  16  16  17  16  16  17  17  17  16  16  16  16  16  16  16  16  16  16  16  16  16  17  16  16  16  16  6  6  6  6  6  6  6  6  6  6  6  6  6  6  5  5  5  4  4  3 
